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Electromagnetlc-wave-operated heating apparatus. 

® In an electromagnetic-wave-operated heating ap- 
paratus In which, with a body to be heated such as a 
riving body inserted into the cavity resonator incor- 
porating at least one reentrant, an electromagnetic 
wave produced by high frequency energy supplied 
Into the cavity resonator is used to heat the body: an 
electric field concentrating member is provided be- 
tween the reentrant and the body in such a manner 
that the electric field concentrating member Is pro- 
vided to be electrically disconnected to the reert- 
trant, whereby, under an ordinary condition that the 
body held In the apparatus is not In parallel with the 
end face of the reentrant, a deep portion of the body 
can be heated with high efficiency. 
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BACKGROUND OF THE INVENTION 

This invention relates to an eleclromagnetio 
wave-operated heating apparatus In which high fre- 
quency energy is supplied to a three-dimensional 
resonator to produce an electric field thereby to 
heat a locai portion of a t)ody. 

In a conventional electromagnetic-wave-oper- 
ated heating apparatus, as shown in Rgs. 14 and 
15. in the cavity 52 of a three-dimensional resona- 
tor 51 internal electrodes 53 are formed by de- 
pressing part of the cavity 52 or by using conduc- 
tors so as to provide a concentrated electric field 
for heating (cf. Japanese Patent Application (OPt) 
No. 209073/1989 (the term "OPI" as used herein 
means an "unexamined published application'^). 

In the conventional apparatus, high frequency 
energy is applied to the three-dimensional resona- 
tor 51 to cause resonance in the cavity 52, as a 
result of which a strong electric field E Is fonmed 
between the Internal electrodes and the conductor 
of the cavity 52 confronted therewith, while a 
strong magnetic field H .is produced in such a 
manner as to surround the electric field E. The 
electric field E being enclosed by the strong mag- 
netic field H so as not to diffuse, a strong electric 
field is formed which is concentrated on the central 
axis of the internal electrodes 53. With the elec- 
tromagnetic field thus formed, a desired portion of 
a body 54 to be heated is heated with high con- 
centration. 

However, it has been found through experi- 
ments that, with the conventional electromagnetlc- 
wave-operated heating apparatus, the results of 
heating are not always same to those which have 
been proposed. 

In this connection, the following facts have 
been found: In the case where the body to be 
heated is In contact with the reentrants, the Q 
(quality factor) of the resonator is lowered, and the 
resonance frequency cannot be specified, so that it 
becomes impossible to heat the body. That is, it is 
necessary to provide a gap between the t)ody and 
the reentrants. Only in the particular case where 
the ends of the reentrants are in parallel with each 
other, and the body to be heated Is in parallel with 
the ends of the reentrants, a deep local portion of 
the twdy can t>e heated. However, in practice, this 
special condition is scarcely satisfied; that is. the 
body to be heated is somewhat not in paiallel or 
uneven. In this case, it is impossible to heat a local 
portion of the body with high concentration. 

SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to 
eliminate the above-described difficulties accom- 
panying a conventional electromagnetic-wave-op- 



erated heating apparatus. 

More spedfically. an object of the invention is 
to provide an electromagnetic-wave-operated heat- 
ing apparatus with which, under the ordinary con- 
5 dltion that the body to be heated is set not com- 
pletely in parallel, a deep local portion of the body 
can be heated. 

The foregoing object and other object of the 
invention have been achieved by the provision of 
70 an electromagnetic-wave-operated heating apparar 
tus in which at least one reentrant is provided in a 
cavity resonator, and with a body to be heated 
such as a living body or an object inserted into the 
cavity resonator, an electromagnetic wave pre- 
ys duced by high frequency energy supplied into the 
cavity resonator is used to heat the body; in which, 
according to the invention, an electric field con- 
centrating member is provided between the reen- 
trant and the body in such a manner that the 
20 electric field concentrating member is provided to 
be electrically disconnected to the reentrant 

In the apparatus, the heating electric field is 
concentrated by the electric field concentrating 
member, so that a deep portion of the body is 
25 heated with high efficiency. 

The nature, principle and utility of the invention 
will become more apparent from the following de- 
tailed description when read in conjunction with the 
accompanying drawings, in which like parts are 
30 designated by like reference numerals or char- 
acters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

36 In the accompanying drawings: 

Rg. 1 is a vertical sectional view showing an 
example of an eiectromagnetic-wave-operated 
heating apparatus which constitutes an embodi- 
ment of this invention: 

40 Rgs. 2 through 5 are diagrams showing exam- 
ples of an electric fiekj concentrating member 
employed in the apparatus shown in Fig. 1; 
Rg. 6 is an explanatory diagram for a descrip- 
tion of a correct relation between the diameter of 

45 the electric field concentrating member and the 
height (thickness) cf a body to be heated: 
Rgs. 7 through 10 are diagrams showing exam- 
ples of a method of fbcing the electric field 
concentrating member; 

so Rg. 11 is a vertical sectional view showing an- 
other example of the electromagnetic-^ave-op- 
erated heating apparatus which constitutes an- 
other embodiment of the invention: 
Rgs. 12 and 13 are diagrams showing modifica- 

56 tions of the apparatus as shown in Rg. 11; 

Rg. 14 is a perspective view showing a conven- 
tional electromagnetic-wave-operated heating 
apparatus; and 
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Rg. 1 5 is a vertical sectional view of the conven- 
tional apparatus shown in Fig. 14. 

DETAiLED DESCRIPTION OF THE iNVENTION 

Prefeaed enrjbodiments of this invention will be 
described with reference to the accompanying 
drawings. 

An example of an electromagnetic*wave-oper- 
ated heating apparatus, which constitutes a first 
embodiment of the invention, is constructed as 
shown in Rg. 1. That is, a cylindrical cavity resona- 
tor 1 has reentrants 4 and 4 inside of it in such a 
manner that they are extended toward each other 
from the top surface 2 and the bottom surface 3, 
respectively, and gaps 6 and 6 are formed between 
a body 5 to be heated and the reentrants 4 and 4. 
respectively. And electric field concentrating mem- 
bers 7 and 7 are placed on the body 5. 

In the electromagnetiC'Wave-operated heating 
apparatus, the provision of the gaps 6 contributes 
to an increase of the Q (quality factor) of the cavity 
resonator 1. As a result, the resonance frequency 
of the cavity resonator can be measured, and the 
value of a high frequency supplied from an external 
oscillator (not shown) can be determined. Thus, the 
body can be effectively heated. 

It has been found through experiments that in 
the case where no electric field concentrating 
members 7 are used, the following difficulties are 
involved: That is. In this case, the electric field 
concentrates on parts of the edges of the reen- 
trants 4, and the portions of the body correspond- 
ing to the edges are heated greatly. In addition, the 
parts of the edges on which the electric field con- 
centrates cannot be determined, and acconjingly It 
is difficult to heat a desired portion of the body. 

On the other hand, in the case where the 
electric field concentrating members 7 are em- 
ployed, the electric field from the reentrants 4 are 
concentrated on the electric field concentrating 
members 7 once, and then applied to the body 5. 
Since the electric field concentrating members 7 
are placed in contact with the body 5 or near the 
latter 5, the electric field will not diverge. Because 
of the use of the cavity resonator 1, the electric 
field is condensed by the magnetic field formed in 
such a manner as to sun^ound the electric field, so 
that a deep central portion of the body is heated at 
high temperature. It has been ensured through 
experiments that a desired deep portion of the 
body 5 held between the reentrants is heated at 
high temperature with high reproducibility. 

The electric field concentrating members 7 are 
made of an electric conductor. Since current flows 
freely In the electric conductor, the electric field 
concentrates on the electric field concentrating 
members 7, as s result of which a deep portion of 



the body is heated effectively. 

The electric field concentrating members 7 
may be made of a dielectric. A dielectric is nnore 
electrically conductive than air. A material larger in 

5 dielectric constant is more electrically conductive. 
Hence, the electric field can be concentrated on 
the electric field concentrating member 7 made of 
dielectric, so that a deep portion of the body can 
be heated with high efficiency. 

10 Furthermore, the electric field concentrating 
members 7 may be made of a material which is 
larger in dielectric constant than ttie body 5. The 
conductivity of current in a dielectric is proportional 
to ttie dielectric constant thereof. Hence, in the 

15 case where the dielectric constant of the dielectric 
forming tiie electric field concentrating memt}ers 7 
is made larger than tiiat of the body 5 to be 
heated, then similarly as In the case where the 
electric field concentrating member 7 are of metal, 

20 the concentration of electric field by the electric 
field concentrating members 7 is Increased. Thus, 
a deep portion of the body 5 can be heated more 
effectively. 

In order to prevent tfie trouble tiiat the electric 

25 field concentrating meml)er 7 or ttie body 5 to be 
heated falls down, a material such as a foamed 
styrene board small In dielectric constant may be 
interposed between the lower reentrant 4 and the 
lower electric field concentrating member 7. 

30 In the electromagnetic-wave-operated heating 
apparatus thus constructed, the electric field con- 
centrating members 7 may be brought Into contact 
with tiie body 5. In this case, the cunrent collected 
by the electric field concentrating members 7 is 

35 directiy applied to the t)ody 5, so thai it will reach a 
deep portion of the body witiiout diverging. Thus, 
the deep portion of the body can be heated with 
high efficiency. 

The electric field concentrating members 7 

40 may be each in the form of a fiat plate. The flat 
plate shaped electric field concentrating members 
7 can concentrate the electric field witti high effi- 
ciency as long as they are made of an electric 
conductpr or dielectric. Hence, in tills case also, a 

45 deep portion of the body can be heated more 
sufficiently with high concentration. 

The electric field concentrating members 7 
may be in the form of a disk a shown in Rg. 2. In 
the use of tiie disk-shaped electric field concentrate 

50 Ing memk)ers 7. the electric field concentrates on 
the central portion of tiie disk, and accordingly the 
concentrative heating of a deep portion of the body 
can be achieved more effectively. 

The electric field concentrating members 7 

55 may be so shaped that they are suitable for heat- 
ing tiie body. In tills case, the electric field is 
concentrated in tiie form similar to tiie configuration 
of the electric field concentrating memt3ers 7. 
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Therefore, the body 5 witi be heated in the form in 
which it is to be heated. 

Furthermore, each of the electric field con- 
centrating members 7 may be each in the form of 
a three-dimensional member which has a certain 
thickness, and is hollow. Even if the electric field 
concentrating members 7 are each hollow, cun-ent 
will flow along the outer surfaces of the electric 
field concentrating memt>ers 7 to the center of its 
surface confronting with the body 5 to be heated. 
Thus, the effects of the hollow electric field con- 
centrating members 7 are the same as those of the 
solid electric field concentrating members 7. Em- 
ployment of the hollow electric field concentrating 
members 7 contritMJtes to the economical use of 
material. 

In addition, each of the electric field concen- 
trating members 7 may be each in the form of a 
three-dimensional member which has a certain 
thickness, and is solid. In this case, the electric 
fteki concentrating members 7 may be formed of a 
material uniform In quality. As the thickness of the 
electric field concentrating members 7 is in- 
creased, the distance between the electric field 
concentrating member 7 and the reentrant 4 is 
decreased as much, and accordingly the concen* 
tration of the electric field is accelerated as much. 
Since ttie electric field concentrating members 7 
are solid, current can flow through the inside of the 
electric field concentrating member to the center of 
the surface confronting with the body 5 to be 
heated. Thus, the concentrative heating of a deep 
portion of the body 5 can be achieved more effec- 
tively. 

In the case of providing each of the electric 
field concentrating members 7 as a three-dimen- 
sional one, it may be formed cylindrical as shown 
in Rgs. 3, 4 or 5. In this case, the body 5 is heated 
in such a manner that the heated portion is circular 
in horizontal section. Being circular, the electric 
field concentrating members 7 have no protrusions, 
and accordingly ttie electric field is concentrated 
on the center thereof. Hence, the concentrative 
heating of a deep portion of the body 5 can be 
achieved more effectively. 

In the case of providing each of the electric 
field concentrating members 7 as a three-dimen- 
sional one, its end portion may be formed similar 
to the configuration in horizontal section of a por- 
tion of tiie body which is to be heated. With the 
electric field concentrating members 7 thus formed, 
the electric field concentrates in ttie form which is 
similar Uie configuration of the end portion thereof, 
and accordingly, the body is heated in the form in 
which It should be heated. 

In the case where the electric field concentrat- 
ing member 7 is circular as shown in Figs. 2 and 3. 
It is preferable that the diameter (d) of the member 



7 is at least 1.5 times the thickness (t) of the body 
5 to be heated. 

It has been found through experiments tiiat. 
when U^e diameter of the electric field concentrat- 
5 ing members 7 is small, tiien the concentrative 
heating of a deep portion of the body 5 cannot be 
achieved. That is. the electric fiekl collected by the 
electric field concentrating members 7 diffuses be* 
fore reaching the deep portion of the body. In the 

10 case where the diameter of the electric field con- 
centrating members 7 is large, the electric field will 
not diffuse, and instead it is condensed by the 
magnetic field surrounding it so tiiat the deep 
portion of the body can be healed with high con- 

15 centration. Thus, it has been found tivough experi- 
ments that there is a relation between the diameter 
of the electric field concentrating members 7 and 
tiie thickness of tiie body 5 to be heated; tiiat is, If 
tiie diameter of tiie electric field concentrating 

20 members 7 Is at least 1.5 times the ttiickness of 
the tKXiy 5. then the concentrative heating of a 
deep portion of the body can be accomplished. 

As shown in Rg. 4. tiie electric field con- 
centrating member 7 may be made up of two 

25 tiiree-dimenslonal structures 8 and 9. In this case, 
tiie structure 9 is Inserted into the structure 8 so 
tiiat tiie electric field concentrating member is ad- 
justable in height. Since the height of the electric 
field concentrating member 7 is adjustable, the 

30 resonance frequency of the cavity resonator 1 can 
be changed. In general, the resonance frequency 
of the cavity resonator 1 changes with the height of 
tiie body 5 to be heated, and ttierefore it is neces- 
sary to change tiie frequency of the power gener- 

35 ator (not shown). However, to change the frequen- 
cy of tiie power generator to a desired value is not 
economical, because to do so is considerably ex- 
pensive. This difficulty can be overcome by tiie 
mettiod in which tiie change In height of tiie body 

40 5 is absorbed by changing tiie thickness (height) of 
tiie electric field concentrating members 7. That is, 
according to the method, the resonance frequency 
of tiie cavity resonator 1 can be maintained con- 
stant at all times. The oscillator is economical. 

45 being manutotured at low cost 

In order tiiat the Uiree-dimensionai structures 8 
and 9 forming the electric field concentrating mem- 
ber 7 are electrically in contact with each ottier, it 
is effective to dispose electrically conductive ma- 

50 terials or electrical conductive elastic materials 10 
between tiie three-dimensional structures 8 and 9 
as shown In Rg. 5. In the case where the struc- 
tures 8 and 9 are made of an rigid material, tiien 
tiiey are not always in good contact with each 

55 other. This difficulty may be overcome by interpos- 
ing the electrical conductive material or electrical 
conductive springs 10 between the Uiree-dimen- 
sional structures 8 and 9. In tills case, cunrent flows 
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between the tvw> structures 8 and 9 sufficiently. 
Hence, the concentrative heating of a deep portion 
of the body 5 can be achieved with high efftcrency. 

In order that the structures 8 and 9 are held 
electrically in contact with each other, they may be 
made of an electrically conductive elastic material. 
Furthermore, for the same purpose, the contact 
portions of the structures 8 and 9 may be made of 
an electrically conductive elastic material. The 
structures 8 and 9 thus formed are sufficiently 
electrically brought Into contact with each other, so 
that current will flow between them suffidently, thus 
reaching the center of the surface thereof which 
confronts with the body. Thus, a deep portion of 
the body can t>e heated with high concentration. 

In order to make the structures 8 and 9 elec- 
trically conductive, it is effective to interpose di- 
electric materials or dielectric elastic materials be- 
tween the contact regions of those structures 8 and 
9 as shown In Rg. 5. If the structures 8 and 9 are 
made of a rigid material, then they are not always 
held In good contact with each other. This difHculty 
may be overcome by interposing the dielectric 
materials or dielectric elastic materials between the 
three-dimensional structures 8 and 9. In this case, 
current flows between the structures 8 and 9 sat- 
isfactorily, as a result of which the concentrative 
heating of a deep portion of the body can be 
achieved more effectively. 

In order that tine structures 8 and 9 are held 
electrically in contact with each other, they may be 
made of a dielectric elastic material. Furthermore, 
for the same purpose, the contact portions of the 
structures 8 and 9 may be made of a dielectric 
elastic material. The structures 8 and 9 thus 
formed are sufficiently electrically brought into con- 
tact with each other, so tiiat current will flow be- 
tween them sufficiently, thus reaching the center of 
tile surface thereof which confronts with the body. 
Thus, the effect that a deep portion of tiie body is 
heated witti high concentration fs obtained suffi- 
ciently. 

The electric field concentrating members 7 are 
supported as shown in Fig. 7. That is. the members 
7 are secured tiirough insulators 11 to the reen- 
trants 4, respectively. Merely witti the electric field 
concentrating members 7 placed on the body 5 to 
be heated, the concentration of electric field is 
effected. However, when the electric field concen- 
trating members 7 are pushed against the body 5 
to be heated, the concentration of electric field is 
accelerated. Hence, the apparatus should be so 
designed that the electric field concentrating mem- 
bers 7 are secured through the insulators 11 to the 
reentrants 4 whereby pressure is applied to the 
electric field concentrating members 7. 

The length of the insulators 11 for securing the 
electric field concentrating members 7 may be 



made variable by means of screws 12 as shown in 
Rg. 8 so that the condition of contact of tine electric 
field concentrating members 7 with the body 5 to 
be heated be adjustable. For the above-described 

5 reason, the electric field concentrating members 
are secured in the above^Jescribed manner; how- 
ever, if ttie pressure is excessively high, then it 
may adversely affect U^e body 5 to be heated. 
Therefore, the length of the insulators 11 is ad- 

10 justed so ttiat tiie most suitable pressure is applied 
to the body 5 to be heated. 

As shown In Rg. 9, an electric motor may be 
provided inside the reentrant. The motor thus pro- 
vided is used to drive gears 13, 14 and 15 succes- 

15 sively, or to drive the gear 14 directiy to drive a 
rack formed on the insulators 11. tfiereby to move 
the insulators 11 back and fbrtii so that the con- 
dition of contact of the electric field concentrating 
members 7 with tiie body 5 to be heated be 

20 adjusted. That is, by controlling the motor, tiie 
most suitable pressure can be obtained for the 
body 5 to be heated. 

The electric fiek) concentrating members 7 
may be secured to the wall 17 (or tfie top 2 or the 

25 bottom 3) of the cavity resonator 1 through insula- 
tors 16 as shown in Rg. 10. For tt^e same reason 
as descrit)ed above, with the electric field con- 
centrating members 7 secured in the above-de- 
scribed manner, tiie electric field can be concen- 

30 trated more effectively. 

In Rg. 10, the insulators 16 for securing the 
electric field concentrating members 7 are movable 
on tiie wall 17 of the cavity resonator 1. The 
insulators 16 are fixedly secured to tho wall 17 with 

35 fixing members 18 so Qiat ttie condition of contact 
of the electric field concentrating members 7 with 
the body 5 to be heated is best In this case, the 
pressure applied to ttie tMxiy 5 to be heated can be 
changed to a desired value. 

40 It is preferable that the two electric field con- 
centrating members 7 are so secured that their 
surfaces confronted with each other are in parallel 
with each oUier as shown in Rg. 7. 

In the case where the two surfaces of the 

45 electric field concentrating members 7 confronted 
with each other are large and not in parallel with 
each otiier. then tiie electric field concentrates on 
the parts of the electric field concentrating mem- 
l3ers 7 which are tiie closest in space, and accord- 
so ingly the parts are locally heated (such a condition 
is necessary as the case may be, and therefore in 
such as case, the electric field concentrating mem- 
bers are Intentionally made not in parallel). In gen- 
eral, this phenomenon is against the object of heat- 

65 ing tiie body. Hence, the electric fiek] concentrat- 
ing memt>ers 7 are so secured that, the two con- 
fronted surfaces are as parallel with each other as 
possible. 
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In the case where only one electric field con- 
centrating member is employed, it should be se- 
cured in such a manner that its surface is in 
parallel with the surface of the reentrant which 
confronts through the body to be heated with the 
electric field concentrating member. 

Rg. 11 outlines another example of the 
electromagnetic-wave-operated heating apparatus 
which constitutes a second embodiment of the 
invention. In the apparatus, bags 19 and 19 are 
disposed between the body 5 to be heated and 
one of the electric field concentrating memt>ers 7 
and between the body and the other electric fiekj 
concentrating member 7. respectively. The bags 19 
contain a sohifion 20. 

The electric field concentrating members 7 are 
fixedly secured in such a manner that they are in 
parallel with each other. Even when the electric 
field concentrating members 7 are held In contact 
with the body 5 to be heated, the condition of 
contact is poor if the surfaces of the body 5 are not 
flat That is. in this case, the area of contact is not 
large enough, and accordingly current will not suffi- 
ciently flow into the bo6y 5 through the electric 
field concentrating members 7. In order to over- 
come this difficulty, the bags 9 are interposed 
between the body 5 and one of the electric field 
concentrating members 7 and between the body 5 
and the other electric field concentrating member 
7, respectively, and then the solution 20 Is injected 
into the bags 9 thus interposed. With the bags 
interposed in this manner, the bags 19 are held 
suffidently In contact with the body 5 to tDe heated: 
that is. the total area of contact is large enough. As 
a result, a deep portion of the body can t^ heated 
with high concentration, and the bags will provide 
an effect of cooling the surface of the bo6y 5. 

The above-described apparatus may be modi- 
fied as shown in Rg. 12. Each of the bags 19 Is 
connected through a pipe 21 to a solution reservoir 
22. The height of the bag is changed, or the 
pressure applied to the surface of the solution in 
the resen^dr is changed, to adjust the quantity of 
solution in the bag 19 thereby to adjust the con- 
dition of contact of the bag with the body 5 to be 
heated and to adjust the resonance frequency of 
the cavity resonator 1. By adjusting the quantity of 
solution in the bag 19. the thickness of the bag Is 
adjusted, whereby the condition of contact of the 
bag 19 with the body 5 is adjusted, while the 
resonance frequency of the cavity resonator 1 is 
changed. That is. the resonance frequency of the 
cavity resonator 1 is decreased by increasing the 
thickness of the bag 19. and it is increased by 
decreasing the thickness of the bag 19. Hence, the 
resonance frequency of the cavity resonator 1 can 
be adjusted to a desired value by adjusting the 
quantity of solution in the bag. 



Rg. 13 shows another modification of the 
electromagnetic-waveK>perated heating apparatus, 
which is so designed as to cool the surface of the 
body 5. The solution 20 in the bags 19 Is circulated 

5 through pipes 21 and an external cooling unit 23, 
thereby to cool the surface of the body 5. With the 
apparatus, the surface of the body can be cooled 
by cooling the solution 20 which is supplied into 
the bags. For this purpose, the solution 20 is cir- 

10 culated through the external cooling unit 23 so that 
it is maintained at low temperature at all times, and 
accordingly the surface of the body is cooled by 
thermal conduction. 

The solution 20 in the bags 19 may be of 

f5 dielectric. The bags 19 are interposed between the 
body 5 and one of the electric field concentrating 
meml>ers 7 and between the body 5 and the other 
electric field concentrating member 7. respectively, 
as was described above, and the solution 20 equal 

20 in dielectric constant to the body 5 is supplied into 
the bags 19 thus Interposed. In this case, even if 
the body 5 is not held in parallel with the reen- 
trants, equivalently the body 5 Is in parallel there- 
with. Thus, a deep portion of the body can be 

25 heated effectively. 

It Is preferable that the dielectric supplied into 
the bags 19 is larger in dielectric constant than the 
body 5 to be heated. Current will flow in a sub- 
stance in proportion to Its dielectric constant 

30 Hence, in the case where the solution 20 which is 
higher in dielectric constant than the body 5 is 
supplied into the bags 19. the resistance of the 
bags 19 against the flow of current is decreased as 
much, so that the current will flow in the body more 

35 effectively. Thus, a deep portion of the body can 
be heated with high effidency. 

In the above-described apparatus, the electric 
field concentrating members 7 which are coupled 
to. or brought into contact, or set near the at>ove* 

40 described bags 19 may be any of those shown in 
Rgs. 2 through 6, or they may t»e eliminated, or 
instead of the electric fiekJ concentrating members 
7 flat plates (whose material is not specified) may 
be employed. The electric fieki concentrating 

45 members 7 may be secured according to any of 
the methods described with reference to Rgs. 7 
through 9, or according to the methods in combina- 
tion. It is obvious that any of the electric field 
concentrating memljers 7 shown In Rgs. 2 through 

50 6 function satisfactorily. When the electric fieM 
concentrating members 7 are merely coupled to 
the bags 19, sometimes the two electric fiekl con- 
centrating members 7 may not be heki in parallel 
with each other, or the body 5 to t>e heated may 

55 be moved. In order to eliminate these difficulties, 
the electric field concentrating memt>ers 7 are se- 
cured according to any of the methods <toscnl>ed 
with reference to Rgs. 7 through 9. or according to 



6 



11 



EP 0 459 520 A2 



12 



the methods in combination. 

The technical concepts of the above-described 
embodiments can be appKed to an 
electromagnetic-wave-operated heating apparatus 
In which the reentrants 4 are not in contact with the 
top 2 and the bottom 3 of the cavity resonator 1 . 

As was described above, in the 
electromagnetic-wave-operated heating apparatus 
of the Invention, the electric field concentrating 
members 7 are provided between the body to be 
heated and one of the reentrants and between the 
body and the other reentrants so the reentrants are 
not in contact with the body. Therefore, the heating 
electric field applied from the reentrants to the 
body to be heated is concentrated by the electric 
field concentrating members 7. thus heating a deep 
portion of the body with high efficiency. 

While there has been described in connection 
with the preferred embodiments of the invention. It 
will be obvious to those skilled in the art that 
various changes and modifications may be made 
therein without departing from the invention, and it 
is aimed, therefore, to cover in the appended 
claims all such changes and modifications as fall 
within the true spirit and scope of the invention. 

Claims 

1. An electromagnetic-waveK>perated heating ap- 
paratus in which at least one reentrant is pro- 
vided in a cavity resonator,* and with a body to 
be heated such as a living body or an object 
inserted into said cavity resonator, an elec- 
tromagnetic wave produced by high frequency 
energy supplied into said cavity resonator Is 
used to heat said body. 

characterized by comprising: 
an electric field concentrating member 
provided between said reentrant and said body 
in such a manner that said electric field con- 
centrating memt>er is provided to be electri- 
cally disconnected to said reentrant 



brought Into contact with said body to be heat- 
ed. 

6. An apparatus as claimed In claim 1, in which 
5 said electric field concentrating member is in 

the form of a flat plate. 

7. An apparatus as claimed in claim 1, in which 
said electric field concentrating m6mt>er is cir- 

w cular. 

8. An apparatus as claimed in claim 1. in which 
said electric field concentrating member is 
shaped in compliance witti the configuration of 

15 a portion of said body which is to be heated. 

9. An apparatus as claimed in claim 1, in which 
said electric field concentrating member is a 
three-dimensional one with a cavity therein. 

20 

. 10. An apparatus as claimed in claim 9. in which 
said cavity in said electric field concentrating 
member is filled with a material. 

25 11. An apparatus as claimed in any of claims 9 
and 10. in which said electric field concentrat- 
ing memt»er is cylindrical. 

12. An apparatus as claimed in any of claims 9 
30 and 10, in which the surface of said electric 

field concentrating member which confronts 
with said body to be heated is shaped in 
compliance with tiie configuration of a portion 
of said body which is to be heated. 

35 

13. An apparatus as claimed in claim 7. in which 
the diameter of said electric field concentrating 
member is at least 1^ times tiie thickness of 
the body to be heated. 

40 

14. An apparatus as claimed in claim 1, in which 
said electric fieki concentrating member com- 
prises two bottomed cylinders which are fitted 
togetiier in such a manner that one of said two 
twttomed cylinders is inserted into the other. 

15. An apparatus as claimed In daim 14. In which 
contact memt)ers which are made of an elec- 
trically conductive material or electrically con- 
ductive elastic material are interposed between 
the engaging surfaces of said two bottomed 
cylinders forming said electric field concentrat- 
ing member in such a manner that said two 
bottomed cylinders are electrically connected 
to each other. 

16. An apparatus as claimed in cla'm 14. in which 
contact member which are made of an dietec- 



2. An apparatus as claimed in claim 1, in which 
said electric field concentrating member is 4S 
made of an electric conductor. 

3. An apparatus as claimed in claim 1, in which 
said electric field concentrating member is 
made of a dielectric. 50 

4. An apparatus as claimed in claim 3. in which 
said dielectric forming said electric field con- 
centrating member is larger in dielectric con- 
slant than said body to be heated. 55 

5. An apparatus as claimed fn claim 1, in which 
said electric field concentrating member is 



20 

. 10. 
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trie material or dielectric elastic material are 
interposed t)etween the engaging surfaces of 
said two bottomed cylinders forming said elec- 
tric field concentrating memt)er. 

17. An apparatus as claimed In claim 1, in which 
said electric field concentrating member is 
supported through insulators on said reentrant 

18. An apparatus as claimed in claim 17, in which 
said electric field concentrating meml)er in- 
cludes a support which is movable, said sup- 
port being moved to adjust the condition of 
contact of said electric field concentrating 
member with said body to be heated. 

19. An apparatus as claimed in claim 17, in which 
the length of an insulator adapted to fixedly 
secure said support of said electric field con- 
centrating member is adjusted by means of an 
electric motor, to adjust the condition of con* 
tact of said electric field concentrating member 
witii said body to be heated. 

20. An apparatus as claimed in claim 1, in which 
said electric field concentrating member is 
supported through an irtsulator on a wall of 
said cavity resonator. 

21. An apparatus as claimed in claim 1. in which 
an insulator adapted to secure said electric 
field concentrating member is movable on a 
wall of said cavity resonator, said insulator 
being moved to adjust the condition of contact 
of said electric field concentrating member 
wiUi said body to be heated. 

22. An apparatus as claimed in claim 1, in which 
two electric field concentrating memt>er5 are 
provided in said cavity resonator in such a 
manner tiiat the surfaces thereof which are 
confronted with each other are in parallel with 
each other. 



solution In said bag. 

26. An apparatus as claimed in claim 24, which 
comprises means for circulating the solution 

5 contained in said bag. 

27. An apparatus as claimed in claim 24. in which 
said solution is of a dielectric. 

w 28. An apparatus as claimed in claim 27. in which 
said solution of dielectric is larger in dielectric 
constant than said body to be heated. 

29. An apparatus as claimed in claim 1. in which 
IS said electric field concentrating member is a 

three-dimensional one with a cavity ttierein. 
said electric field concentrating member is cy- 
lindrical, and the surface of said electric field 
concentrating member which confronts witt) 
20 said body to be heated Is shaped in compfi- 
ance with the configuration of a portion of said 
body which Is to t^e heated. 

30. An apparatus as claimed in claim 29. in which 
25 said cavity in said electric field concentrating 

member is filled with a material. 

31. An apparatus as claimed in claim 1. in which 
said electric field concentrating member is a 

30 three-dimensional one with a cavity therein, 

said electric field concentrating member is cy- 
lindrical, and the diameter of said electric field 
concentrating memt)er is at least 1.5 times the 
thickness of the body to be heated. 

35 

32. An apparatus as claimed in claim 31 . in which 
said cavity in said electric field concentrating 
member is filled with a material. 

40 



2a An apparatus as claimed in claim 1. In which 45 
one electric field concentrating member Is pro- 
vided in said cavity resonator in such a man- 
ner that tiie surface thereof which confronts 
witti said body to be heated is in parallel with 
the end face of said reentrant 50 

24. An apparatus as claimed in claim 1, in which a 
bag is interposed between said electric field 
concentrating member and said body to be 
heated, said bag containing a solution. 55 

25. An apparatus as claimed in claim 24. which 
comprises means for adjusting the quantity of 
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